Brundin L, Erhardt S, Bryleva EY, Achtyes ED, Postolache TT. The role of inflammation in suicidal behaviour.

Clinical recommendationsClinicians should be aware that medical conditions associated with inflammation and infections can be linked to symptoms of depression and suicidality.Clinicians should attempt to establish whether any underlying potentially treatable condition is present in patients presenting with suicidal ideation or history of suicidal behaviour.Treatable somatic conditions linked to depressive and suicidal symptoms include chronic infections, autoimmune disease and certain vitamin deficiencies.

 {#acps12458-sec-0006}

Additional commentsWhile there is evidence from both clinical and experimental settings that inflammation can lead to depressive and suicidal symptoms in both clinical and experimental settings, there is still not sufficient data from placebo‐controlled trials indicating that eradicating inflammation will actually reduce the risk of suicide.The paucity of trials, utilizing available anti‐inflammatory, anticytokine and antibiotic drugs (approved for other indications), may require non‐profit agency sponsorship.Repurposing of drugs already approved for other conditions might be an important path forward, with the potential of aiding psychiatric patients suffering from treatment‐resistant depressive and suicidal symptoms.

Introduction {#acps12458-sec-0007}
============

Suicide is defined as the intentional termination of one\'s own life and constitutes the 14th leading cause of global years of life lost [1](#acps12458-bib-0001){ref-type="ref"}. According to a recent report by the World Health Organization, over 800 000 deaths by suicide occur around the world each year, but the actual number may be higher [2](#acps12458-bib-0002){ref-type="ref"}. Cultural taboos and the fact that suicide is considered a criminal act in some countries may affect the statistical reporting of such events [3](#acps12458-bib-0003){ref-type="ref"}. Suicide attempts are estimated to be 10 to 20 times more frequent than the number of completed suicides. Both deaths by suicide and attempts are signs of severe psychological suffering, and a completed suicide carries with it an emotional burden that can impact family for years to come.

The pharmacological treatment of depressed and suicidal individuals has increased over the past decades, but the incidence rates of suicide and suicide attempts are still increasing. A total of 1.5 million people will die from suicide in 2020, if the current trends remain unaltered [4](#acps12458-bib-0004){ref-type="ref"}. Accurate suicide risk determination is a very difficult task for clinicians, considering that a patient at high risk for suicide is likely to minimize this symptom. The healthcare system is in many cases unable to accurately detect suicidality, in spite of the fact that almost half of the suicidal patients actually contact healthcare providers in the months prior to their attempt [5](#acps12458-bib-0005){ref-type="ref"}. Consequently, there is a great need for both improved methods for the detection of suicide risk and for effective, novel pharmacological treatment options for suicidal patients.

The pharmacological treatment options for suicidal patients today are likely to depend on the patient\'s primary psychiatric diagnosis and often include antidepressants and anxiolytic medications [6](#acps12458-bib-0006){ref-type="ref"}. The positive effects of pharmacotherapy on symptoms of depression take weeks to months to develop, and moreover, there may be an increased risk for suicidal behaviour during this initial period of treatment, especially in children, adolescents and adults up to age 25 [7](#acps12458-bib-0007){ref-type="ref"}. Besides the conventional antidepressant drugs, clozapine (in schizophrenia) and lithium (in patients with mood disorders) are sometimes indicated specifically for reduction of suicide risk. So‐called treatment‐resistant depression, which often includes symptoms of suicidality, can be treated with electroconvulsive therapy in many countries, in addition to pharmacological treatment. Accumulating studies suggest that subanesthetic doses of intravenous ketamine exerts rapid antidepressant and antisuicidal effects [8](#acps12458-bib-0008){ref-type="ref"}, [9](#acps12458-bib-0009){ref-type="ref"}. The underlying biological mechanisms by which these treatment options modulate suicidal symptoms are not fully understood.

Aims of the study {#acps12458-sec-0008}
-----------------

The aim of this literature review was to evaluate the associations and to identify the support for pathways linking inflammatory processes with suicidal behaviour, and on the basis of the findings, provide guidance on how to relate to this emerging scientific evidence in clinical practice.

Material and methods {#acps12458-sec-0009}
====================

The search terms 'risk factors', 'cytokine', 'kynurenine', 'asthma', 'allergy', 'autoimmunity', 'traumatic brain injury', 'infection' along with the terms 'inflammation' and 'suicide' were entered into PubMed, and a thorough analysis of the publications and their reference lists was performed.

Results {#acps12458-sec-0010}
=======

Risk factors for suicide {#acps12458-sec-0011}
------------------------

Suicidal behaviour is thought to be driven by complex interactions between genetic predisposition and environmental factors [10](#acps12458-bib-0010){ref-type="ref"}. Up to 90% of individuals who complete suicide have an underlying psychiatric disorder, frequently major depressive disorder (MDD) and bipolar disorder [11](#acps12458-bib-0011){ref-type="ref"}. Men and women with major depression have a 20.9 and 27.0 standardized mortality ratio for suicide, respectively, and the suicide mortality is approximately 20 fold higher than in the general population [12](#acps12458-bib-0012){ref-type="ref"}. However, for the determination of suicide risk in the clinic, the psychiatric history is still of limited value. Currently, a previous suicide attempt is the best predictor of a future completed suicide [13](#acps12458-bib-0013){ref-type="ref"}. Certain personality traits, such as impulsivity, aggression [14](#acps12458-bib-0014){ref-type="ref"}, [15](#acps12458-bib-0015){ref-type="ref"} and hopelessness [16](#acps12458-bib-0016){ref-type="ref"}, are also coupled to an increased risk of suicide. The genetic component of suicidal behaviour has been estimated to be as high as 43% [17](#acps12458-bib-0017){ref-type="ref"}. Still, the neurobiological mechanisms involved in suicidal behaviour are poorly characterized. To date, some of the most frequently reported neurobiological changes in suicidal individuals and suicide victims are abnormalities in serotonergic neurotransmission [18](#acps12458-bib-0018){ref-type="ref"} and hypothalamic--pituitary--adrenal (HPA) axis activity [19](#acps12458-bib-0019){ref-type="ref"}. As the topic of this review suggests, accumulating evidence indicate that inflammation contributes to the pathophysiology of suicidality.

Evidence of inflammation in suicidality {#acps12458-sec-0012}
---------------------------------------

Treatment with interferon (IFN) for patients with certain forms of cancer and infections is known to induce depression around 1 month after the beginning of medication [20](#acps12458-bib-0020){ref-type="ref"}. Such immunotherapy trials indicate a causal relationship between the induced inflammation and subsequent onset of depression. They also provide neurobiological proof of principle that peripheral inflammatory factors can transmit to the central nervous system (CNS), and their levels correlate with depressive symptoms [21](#acps12458-bib-0021){ref-type="ref"}, [22](#acps12458-bib-0022){ref-type="ref"}. Several case reports also describe the development of suicidal ideation and suicide attempts in this patient population [23](#acps12458-bib-0023){ref-type="ref"}, [24](#acps12458-bib-0024){ref-type="ref"}. Similarly, suicidal ideation and attempts have been documented in previously psychiatrically healthy patients with multiple sclerosis (MS) during and after treatment with interferon‐β (IFN‐β) [25](#acps12458-bib-0025){ref-type="ref"}. In a blinded study that directly confirmed the causality, Reichenberg et al. [26](#acps12458-bib-0026){ref-type="ref"} administered a low dose of lipopolysaccharide (LPS, bacterial endotoxin) or placebo to healthy subjects and found significantly increased depressive symptoms in the LPS‐injected subjects. Over the past years, converging lines of evidence point to inflammation as a possible causal factor, underlying the pathophysiology of suicidality in primary psychiatric patients.

In 1992, an early study discovered increased levels of the soluble interleukin‐2 receptor (IL‐2R) in blood samples from suicide attempters [27](#acps12458-bib-0027){ref-type="ref"}. It took more than 15 years for new reports on the topic to follow. Steiner et al. [28](#acps12458-bib-0028){ref-type="ref"} examined the brains of suicide victims for inflammatory changes and found significantly increased microgliosis in the brains of suicide victims with depression and schizophrenia compared to subjects with the same diagnoses who died from other causes. The same year, another group demonstrated increased levels of mRNA transcription for the cytokines interleukin‐4 (IL‐4) and IL‐13 in the orbitofrontal cortical area of suicide victims [29](#acps12458-bib-0029){ref-type="ref"}. Supporting these key observations, Lindqvist et al. found elevated cerebrospinal fluid (CSF) levels of IL‐6 in patients who attempted suicide (5.3 ± 3.2; mean ± SEM) compared with healthy controls (0.6 ± 0.1; mean ± SEM). Higher levels of CSF IL‐6 were associated with increasing severity of depression, as evaluated using the Montgomery--Asberg Depression Rating Scale (MADRS; Pearson\'s *r = *0.3; *P *= 0.016) [30](#acps12458-bib-0030){ref-type="ref"}. Recently, increased levels of IL‐1β, IL‐6 and tumor necrosis factor‐α (TNF‐α) at both the mRNA and protein levels were shown in the anterior prefrontal cortex (Brodmann area 10) of teenage suicide victims [31](#acps12458-bib-0031){ref-type="ref"}.

Further studies have confirmed that suicidal behaviour is also accompanied by changes in peripheral cytokine levels. The levels of plasma IL‐6 and TNF‐α are increased, and IL‐2 levels are decreased, in suicide attempters compared with both non‐suicidal depressed patients and healthy controls [32](#acps12458-bib-0032){ref-type="ref"}. *In vitro*‐stimulated whole blood from suicidal patients with MDD had a decreased production of both IL‐2 and IL‐6 compared to non‐suicidal MDD patients [33](#acps12458-bib-0033){ref-type="ref"}. In agreement with the original postmortem data from Steiner et al. [28](#acps12458-bib-0028){ref-type="ref"}, these studies suggest that it might be possible to distinguish suicidal depressed patients from non‐suicidal depressed patients based on peripheral inflammatory markers. However, cytokine levels are known to display a large biological spread, and increased levels of inflammatory markers are also seen in other psychiatric and non‐psychiatric disorders, including PTSD, non‐suicidal depression and neurodegenerative disorders. To circumvent these problems, it is likely that a combination of biomarkers will be required to increase sensitivity and specificity rates for clinical prediction of suicide risk. Additional studies on peripheral cytokines in suicidal patients are clearly needed to establish which biomarkers are most useful. The proteins S100B and C‐reactive protein (CRP) are other peripheral markers of inflammation that increase during injury and inflammation in the CNS. Falcone et al. [34](#acps12458-bib-0034){ref-type="ref"} analyzed serum S100B in teenagers with depression and psychosis and found that the levels were related to the intensity of suicidal ideation irrespective of diagnosis. O\'Donovan et al. examined the relation of suicidal ideation to a composite inflammatory index, consisting of CRP, IL‐6, IL‐10 and TNF‐α, in patients with depression. They found that suicidal ideation was significantly associated with an elevated inflammatory index, and this was independent of both the severity of depression and whether the patients had recently attempted suicide [35](#acps12458-bib-0035){ref-type="ref"}.

Importantly, a novel meta‐analysis on inflammation in suicidal patients concluded that there are aberrant cytokine levels in blood, CSF and postmortem brain samples from suicidal patients [36](#acps12458-bib-0036){ref-type="ref"}. The levels of IL‐1β and IL‐6 were most robustly associated with suicidality, and these cytokines may help distinguish suicidal from non‐suicidal patients. In another review of the inflammatory changes in suicidal subjects, Serafini et al. [37](#acps12458-bib-0037){ref-type="ref"} also concluded that most suicide attempters, or subjects with suicidal ideation, show an imbalance in the immune system, although they stress that cross‐sectional studies are not able to demonstrate causal links between inflammation and suicidality. In support of these meta‐analyses, a recent gene expression study showed that biological mechanisms related to stress, inflammation and apoptosis may underlie suicidality, at least in part [38](#acps12458-bib-0038){ref-type="ref"}.

Biological mechanisms underlying suicidal ideation and behaviour {#acps12458-sec-0013}
----------------------------------------------------------------

As clearly learned from the IFN treatment studies mentioned above, activation of the immune system can exert profound effects on mood and behaviour. The clinical syndrome 'sickness behaviour' is well defined and consists of behavioural and emotional changes that occur in patients and animals in conjunction with a known infectious/inflammatory trigger [39](#acps12458-bib-0039){ref-type="ref"}. A number of models have demonstrated how peripherally produced cytokines reach and convey signals to the CNS, including active or passive transportation over the blood--brain barrier (BBB) and by vagus nerve‐mediated signaling [40](#acps12458-bib-0040){ref-type="ref"}. Cytokines are also secreted locally, by microglia, astrocytes and endothelial cells in the brain, and play an important role in the development and maintenance of brain function (for review, see Ref. [41](#acps12458-bib-0041){ref-type="ref"}). Experimental data show that there are several biological mechanisms by which cytokines could contribute to behavioural and emotional symptoms relevant for suicidality. First, cytokine receptors are present on neurons in specific brain regions in both animals and man. For example, IL‐6 receptors are expressed on serotonergic neurons in the medulla oblongata, as well as in the hypothalamus, hippocampus, cerebellum and selective cortical areas [42](#acps12458-bib-0042){ref-type="ref"}, [43](#acps12458-bib-0043){ref-type="ref"}. IL‐1β receptors are located on hippocampal, amygdaloid and thalamic neurons, on 5‐HT2 receptor‐expressing neurons in the hypothalamus, and on cerebellar Purkinje cells [44](#acps12458-bib-0044){ref-type="ref"}. The presence of cytokine receptors on neurons might indicate that they have specific and direct effects on neuronal function. In fact, IL‐6, IL‐1β and TNF‐α have all been implicated in the regulation of synaptic transmission and plasticity [45](#acps12458-bib-0045){ref-type="ref"}, [46](#acps12458-bib-0046){ref-type="ref"}. Cytokines can also modulate the concentration of monoaminergic neurotransmitters and their metabolites in various regions of the CNS [47](#acps12458-bib-0047){ref-type="ref"}.

There are no animal models that directly mimic human suicidal behaviour. However, suicidal behaviour is thought to depend on several critical personality traits and symptoms, for example aggression and helplessness [48](#acps12458-bib-0048){ref-type="ref"}. Animal studies have demonstrated that cytokines might actually influence these key behaviours. IL‐1β, injected into the medial hypothalamus or periaqueductal gray (PAG), acts on 5‐HT~2~ receptors to potentiate aggressive behaviours in cats [49](#acps12458-bib-0049){ref-type="ref"}, [50](#acps12458-bib-0050){ref-type="ref"}. IL‐2 injected into the PAG promoted aggression through neurokinin NK [1](#acps12458-bib-0001){ref-type="ref"} receptors [51](#acps12458-bib-0051){ref-type="ref"}. TNF‐α is also involved in the regulation of aggression, as TNF‐α receptor deficient mice did not exhibit aggressive behaviour in the resident--intruder test [52](#acps12458-bib-0052){ref-type="ref"}. Clinical studies have confirmed that peripheral cytokines are associated with aggression and hopelessness. IL‐6 correlates positively with anger [53](#acps12458-bib-0053){ref-type="ref"}, and IL‐1β is associated with hostility in patients with self‐harm [54](#acps12458-bib-0054){ref-type="ref"}. Correspondingly, increased anger and hostility were observed in patients with hepatitis C that underwent IFN‐α treatment [55](#acps12458-bib-0055){ref-type="ref"}. Higher levels of anger in these patients were found linked to a genetic variability in the TNF‐α gene [56](#acps12458-bib-0056){ref-type="ref"}.

A second biological mechanism, which could have profound impact on emotion and behaviour, is the activation of the kynurenine pathway of tryptophan catabolism (Fig. [1](#acps12458-fig-0001){ref-type="fig"}). Aberrations in this pathway could constitute a particular pathogenic mechanism linking inflammation and suicidal/depressive symptoms [57](#acps12458-bib-0057){ref-type="ref"}. Tryptophan degradation along the enzymatic kynurenine pathway produces several neuroactive compounds, including quinolinic acid (QUIN) and kynurenic acid (KYNA) [58](#acps12458-bib-0058){ref-type="ref"}. The pro‐inflammatory cytokines, especially IFN‐γ but also IL‐1β and IL‐6, are potent inducers of indoleamine 2,3 dioxygenase (IDO‐1) and tryptophan 2,3‐dioxygenase (TDO2), two enzymes regulating the first step of the kynurenine pathway [59](#acps12458-bib-0059){ref-type="ref"}, [60](#acps12458-bib-0060){ref-type="ref"}. As tryptophan is also the precursor of serotonin, inflammation might cause a decrease in serotonin levels by shifting the catabolism of tryptophan to breakdown via the kynurenine pathway [61](#acps12458-bib-0061){ref-type="ref"}. This mechanism could potentially contribute to the lowered levels of monoamine metabolites found in CSF of suicide attempters [62](#acps12458-bib-0062){ref-type="ref"}. However, it has not yet been firmly established if inflammation does indeed cause depletion of brain tryptophan and serotonin levels in patients with primary depression or suicidality.

![Simplified diagram of the kynurenine pathway. Enzymes in italics and metabolites boxed. Abbreviations: IDO, indoleamine‐2,3‐dioxygenase; TDO, tryptophan‐2,3‐dioxygenase; KAT, kynurenine aminotransferase; KMO, kynurenine‐3‐monooxygenase; 3‐HAO, 3‐hydroxyanthranilate‐3,4‐dioxygenase; ACMSD, aminocarboxymuconate‐semialdehyde decarboxylase; QPRT, quinolinate phosphoribosyltransferase; NAD, nicotinamide adenine dinucleotide.](acps0132-0192-f1){#acps12458-fig-0001}

Interestingly, the kynurenine pathway accounts for over 90% of tryptophan degradation in the periphery [63](#acps12458-bib-0063){ref-type="ref"}, and enzymes of this pathway are found in many organs/cell types, including liver, kidney, brain and immune cells. In the brain, the two main branches of the kynurenine pathway are segregated into astrocytes and microglia, with a differential production of metabolites [64](#acps12458-bib-0064){ref-type="ref"}. QUIN is an *N*‐methyl‐[d]{.smallcaps}‐aspartic acid (NMDA) receptor agonist, acting through NMDA receptors containing the NR1 + NR2A and the NR1 + NR2B subunits [65](#acps12458-bib-0065){ref-type="ref"}, [66](#acps12458-bib-0066){ref-type="ref"}. It is formed to a large extent in microglial cells in the brain. KYNA, on the other hand, antagonizes the glycine site of the NMDA receptor, blocks the cholinergic α7 nicotinic receptor (α7nAChR) and is produced by astrocytes [65](#acps12458-bib-0065){ref-type="ref"}, [67](#acps12458-bib-0067){ref-type="ref"}. QUIN is a potent excitotoxin with pro‐inflammatory and immunoregulatory properties. In addition to being a direct NMDA receptor agonist, QUIN increases neuronal glutamate release and decreases glutamate uptake and recycling by astrocytes [68](#acps12458-bib-0068){ref-type="ref"}. KYNA has neuroprotective and anticonvulsive properties, although elevated levels may be associated with the development of psychotic symptoms and are observed in patients with schizophrenia [69](#acps12458-bib-0069){ref-type="ref"}, [70](#acps12458-bib-0070){ref-type="ref"}.

Evidence of kynurenine pathway alterations in suicidality {#acps12458-sec-0014}
---------------------------------------------------------

In 2011, Sublette et al. [71](#acps12458-bib-0071){ref-type="ref"} reported that the blood level of kynurenine, the first metabolite produced along the kynurenine pathway, is significantly elevated in suicide attempters with depression compared to non‐suicidal patients with depression, *t*(58) = 2.1, *P* = 0.04. This suggests that the activation of the kynurenine pathway in the periphery may serve as a marker, potentially distinguishing suicidal from non‐suicidal depressed patients. Kynurenine can freely pass through the BBB, and while in the brain, it can initiate inflammation and lead to further production of the secondary kynurenine metabolites [58](#acps12458-bib-0058){ref-type="ref"}. It has not been firmly established whether peripheral QUIN, KYNA and several other metabolites cross the BBB, and therefore, central measures of these markers in psychiatric patients are currently highly relevant to increase our understanding of their contribution to psychiatric illness. In a study where we measured KYNA and QUIN in the CSF of suicide attempters, QUIN levels were found to be more than twice as high as those in healthy controls, while KYNA levels were unaltered [72](#acps12458-bib-0072){ref-type="ref"}. This gave rise to an increased QUIN/KYNA quotient, indicative of a potential net positive effect on NMDA receptor transmission in suicidality. Moreover, CSF QUIN correlated with CSF IL‐6 levels, suggesting that the kynurenine pathway and the generation of QUIN had been induced by an active inflammatory process [72](#acps12458-bib-0072){ref-type="ref"}. A further example suggesting a role for QUIN in suicidality was the finding of a positive association between high CSF QUIN levels and high suicidal intent (Spearman ρ = 0.3, *P *= 0.03). In a follow‐up study, we measured CSF levels of the metabolites repeatedly over the first years following a suicide attempt [73](#acps12458-bib-0073){ref-type="ref"}. We found that the QUIN levels were continuously elevated in the patients who had performed a suicide attempt, while the levels were highest in close proximity to the attempt. The magnitude of their depressive and suicidal symptoms fluctuated with increasing cytokine levels and decreasing KYNA levels. In line with this, decreased plasma KYNA levels in depressed patients have previously been observed [74](#acps12458-bib-0074){ref-type="ref"}, although recent studies indicate that patients with depression without suicidality may not have any significant changes in the peripheral kynurenine pathway [75](#acps12458-bib-0075){ref-type="ref"}.

Interestingly, this accumulating evidence suggests that subsets of patients, prone to suicidal behaviour, could be sensitive to inflammatory changes and may develop symptoms upon such challenges, possibly as a result of an enzymatic imbalance of the kynurenine pathway in the CNS. The increased levels of QUIN could also contribute to the cell loss and structural changes in cortical and subcortical regions that have been reported in patients with suicidal behaviour, due to the neurotoxic effects of the metabolite [76](#acps12458-bib-0076){ref-type="ref"}. Recent postmortem data from suicide completers support the data gathered in attempters, by showing increased counts of QUIN‐reactive microglia cells in the subgenual anterior cingulate cortex (sACC) and anterior midcingulate cortex (aMCC) of those with depression who completed suicide [77](#acps12458-bib-0077){ref-type="ref"}. The findings that an NMDA receptor agonist (QUIN) is increased and an NMDA receptor antagonist (KYNA) is found to be decreased in patients support a role for a glutamatergic mechanism in the generation of suicidality. Noteworthy, the findings of exceptionally high levels of the NMDA receptor agonist QUIN in the CNS of suicidal patients could provide a neurobiological rationale for the rapid remedial effects of ketamine, an NMDA receptor antagonist, on suicidal ideation [78](#acps12458-bib-0078){ref-type="ref"}, [79](#acps12458-bib-0079){ref-type="ref"}. It remains to be described how enzymes in the kynurenine pathway are regulated. It is currently not known whether specific cytokines activate some of the enzymes in the kynurenine pathway in preference over others, or why some metabolites would accumulate in favor of another. In this respect, it has been suggested that genetic variants could pay a role [80](#acps12458-bib-0080){ref-type="ref"}.

Suicidal ideation and behaviour in somatic conditions with increased inflammation {#acps12458-sec-0015}
---------------------------------------------------------------------------------

The studies described above shows that inflammation is present in some cohorts of suicidal patients and that inflammation also is specifically associated with clinically important symptoms of suicidal behaviour. In addition, studies in both animals and human subjects confirm the causal relation between cytokines and symptoms of hopelessness, aggression and hostility, intermediate phenotypes for suicidal behaviour [14](#acps12458-bib-0014){ref-type="ref"}, [15](#acps12458-bib-0015){ref-type="ref"}, [16](#acps12458-bib-0016){ref-type="ref"}. Therefore, it is possible that inflammation observed in patients with so‐called 'primary psychiatric conditions' is actually part of a pathogenic mechanism that contributes to suicidal symptoms. Many somatic conditions are associated with increased peripheral and central inflammation. If our hypothesis is true, then, suicidal ideation and behaviour should also be increased in some of these somatic conditions.

Suicide, asthma and allergies {#acps12458-sec-0016}
-----------------------------

Asthma and allergies consist of an array of innate and adaptive immune responses, locally as well as systemically in the peripheral blood [81](#acps12458-bib-0081){ref-type="ref"}. To our knowledge, it is currently not known if there are any CNS inflammatory changes in these conditions. This topic is of interest, as several epidemiological studies have shown a link between suicide, allergies and asthma. There is an increased risk for both suicidal ideation, completed suicides and suicide attempts in patients with asthma [82](#acps12458-bib-0082){ref-type="ref"}. A large epidemiological study from Taiwan investigated suicide rates in more than 160 000 high school students, with and without asthma, over 12 years [83](#acps12458-bib-0083){ref-type="ref"}. The suicide rate in students with asthma was more than double that of the control group, with no difference in the number of natural deaths. In another epidemiological study from the Unites States (US), both suicidal ideation and suicide attempts were found to be associated with a current diagnosis of asthma [84](#acps12458-bib-0084){ref-type="ref"}. The risk increase for suicidal ideation and attempts seems to be approximately two‐ to three‐fold, with numbers varying between different studies.

A spring peak of suicides is observed each year around the world, but there is no current explanation for this phenomenon [85](#acps12458-bib-0085){ref-type="ref"}. Hypothetically, the increased amount of seasonal aeroallergens known to peak in spring, such as airborne pollen, could lead to increased upper airway inflammation and an increased risk of suicidal behaviour, in particular in sensitized individuals. A study from the United States over 4 years did indeed report an increased rate of suicides during the peaks in tree pollen in females [86](#acps12458-bib-0086){ref-type="ref"}. While a subsequent study in the United States failed to replicate the original finding [87](#acps12458-bib-0087){ref-type="ref"}, this was later replicated by a large population study in Denmark [88](#acps12458-bib-0088){ref-type="ref"}. It is important to note that the seasonal variation may be related to several factors, such as the exposure to visible and UV light, and seasonal variations of vitamin D levels, as discussed below. In addition, intranasal corticosteroids, first‐line treatment for allergic rhinitis, are known to reduce cytokine production in the nasal airways and have been pharmaco‐ecologically shown to be negatively associated with suicide rates. [89](#acps12458-bib-0089){ref-type="ref"}.

Vitamin D, inflammation and suicidality {#acps12458-sec-0017}
---------------------------------------

Vitamin D is the common term for a group of related substances, particularly cholecalciferol (vitamin D~3~) and ergocalciferol (vitamin D~2~). The effects of vitamin D on the immune system include a shift in the T helper (Th)‐balance toward a Th2 phenotype, which in simplified terms can be said to lead to a less pro‐inflammatory state. As there is an over‐representation of vitamin D deficiency in patients with psychiatric illness [90](#acps12458-bib-0090){ref-type="ref"}, the lack of vitamin D has been proposed to contribute to the underlying disease mechanisms [91](#acps12458-bib-0091){ref-type="ref"}. Two studies to date have addressed the association between vitamin D and suicidality [92](#acps12458-bib-0092){ref-type="ref"}, [93](#acps12458-bib-0093){ref-type="ref"}. Umhau et al. investigated the vitamin D levels in blood samples from around 1000 active duty US military service members, of which half completed suicide over the year following the blood sample. They found that low vitamin D status was common in active military members, and the lowest levels were associated with an increased risk for suicide [92](#acps12458-bib-0092){ref-type="ref"}. In the study by Grudet et al., it was found that as many as 90% of patients with a recent suicide attempt had suboptimal levels of vitamin D, and 60% had a clear clinical deficiency. As expected, vitamin D in the blood correlated inversely with the levels of pro‐inflammatory cytokines [93](#acps12458-bib-0093){ref-type="ref"}.

Autoimmunity and suicidality {#acps12458-sec-0018}
----------------------------

Increased rates of suicidality are also observed in autoimmune disorders such as systemic lupus erythematosus (SLE), MS and celiac disease. Approximately 40% of patients with SLE and MS develop depression at some point during their illness [94](#acps12458-bib-0094){ref-type="ref"}, [95](#acps12458-bib-0095){ref-type="ref"}. The neurobiological changes in SLE frequently include antibodies against the NMDA receptor, as well as microglial activation and BBB dysfunction [96](#acps12458-bib-0096){ref-type="ref"}. The prevalence of suicidal ideation was as high as 34% in a sample of around 300 Chinese patients with SLE [97](#acps12458-bib-0097){ref-type="ref"}. In a cohort of over 12 000 hospitalized patients with MS, Fredrikson et al. [98](#acps12458-bib-0098){ref-type="ref"} found an increased suicide risk (odds risk ratio = 2.3) when compared to the general population. A smaller scale study of around 100 patients with MS in Denmark confirmed the two‐fold increased risk of dying by suicide [99](#acps12458-bib-0099){ref-type="ref"}. A large epidemiological study on a total of over 29 000 individuals with celiac disease in Sweden established that the patients with inflammatory disease also have a two‐fold increased risk for suicide [100](#acps12458-bib-0100){ref-type="ref"}.

Traumatic brain injury and suicidality {#acps12458-sec-0019}
--------------------------------------

Traumatic brain injury (TBI) is a well‐known cause of neuroinflammation and glial activation [101](#acps12458-bib-0101){ref-type="ref"}. The effects on the brain parenchyma can be long lasting and has been proposed to underlie the increased suicidal behaviour observed in veterans as well as to constitute a risk factor in sports associated with frequent head trauma [102](#acps12458-bib-0102){ref-type="ref"}. Interestingly, in a recent large epidemiological study, the death records were compared between around 200 000 individuals who had been hospitalized due to TBI in Sweden over a 40‐year period and over 2 million controls, never hospitalized for TBI, as well as 150 000 unaffected siblings of the TBI victims [103](#acps12458-bib-0103){ref-type="ref"}. It was found that the TBI victims were more than 3 times as likely than the general population and unaffected siblings to die from suicide. Juengst et al. [104](#acps12458-bib-0104){ref-type="ref"} measured serum and CSF levels of TNF‐α in patients with moderate and severe TBI as well as in controls. They found that the TBI patients had significantly higher TNF‐α levels than healthy controls and that the levels were associated both with disinhibition and suicidal ideation up to 12 months after the injury. Among 559 patients with mild‐to‐severe TBI, 25% reported suicidal ideation at one or more time points over the first year after the injury [105](#acps12458-bib-0105){ref-type="ref"}.

Infections and suicidality {#acps12458-sec-0020}
--------------------------

Infectious agents in the CNS are likely to greatly increase the CSF levels of cytokines and kynurenine metabolites [106](#acps12458-bib-0106){ref-type="ref"}. Therefore, such infections can give important insights into the role of neuroinflammation in the development of suicidal symptoms. It is known that neuroborreliosis and neurosyphilis, as well as late‐stage HIV and AIDS, all frequently lead to neuropsychiatric symptoms. However, the prevalence and incidence rates of suicidality in these conditions still remain to be established. Suicide rates in patients that suffered from bacterial and viral meningitis are also unknown, but would be of relevance as such patients may be at heightened risk and could benefit from increased surveillance. There are also neurotrophic pathogens of low virulence, known to reside relatively quietly within the CNS of immuno‐competent hosts after infection. Such pathogens include the parasite *Toxoplasma gondii* (*T. gondii*). Interestingly, accumulating research now shows that such chronic, low‐grade infections may exert effects on the host brain to a much larger extent than previously thought. Repeated studies now confirm that there is a significantly increased risk for suicidal behaviour in individuals that are positive for *T. gondii* infection [107](#acps12458-bib-0107){ref-type="ref"}, [108](#acps12458-bib-0108){ref-type="ref"}, [109](#acps12458-bib-0109){ref-type="ref"}, [110](#acps12458-bib-0110){ref-type="ref"}. About 30% of the world\'s population is infected with the parasite in developing, as well as industrial, parts of the world. The initial peripheral infection is associated with none or very limited flulike symptoms in immunocompetent hosts, where after the parasite enters the brain, to form intracellular cysts in neurons and glial cells. A chronic infection with *T. gondii* can lead to increased neuroinflammation and increased production of kynurenine metabolites within the brain, potentially at the localized sites of the parasitic cysts [111](#acps12458-bib-0111){ref-type="ref"}. Moreover, it is possible that the parasite and the surrounding inflammatory changes could show varying degrees of activity, depending on the immunocompetence of the host. Finally, it has been shown that the *T. gondii* parasite contains two genes encoding tyrosine hydroxylase, the enzyme responsible for producing [l]{.smallcaps}‐dopa [112](#acps12458-bib-0112){ref-type="ref"}. Changes in impulsivity and the regulation of fear might increase the risk for suicidal behaviour, perhaps particularly in combination with inflammatory changes in the CNS. We analyzed the antibody titers to *T. gondii* in a small study of recent suicide attempters and controls and found that seropositivity was associated with a greatly increased odds risk ratio for suicide attempt (adjusted odds risk ratio = 7.1; *P* = 0.01) [109](#acps12458-bib-0109){ref-type="ref"} ~.~ In a large epidemiological study of 45 000 Danish mothers, seropositive subjects had an increased relative risk of 1.8 for violent suicide attempts and 2.1 for suicides compared to non‐infected mothers [110](#acps12458-bib-0110){ref-type="ref"}. These results are consistent with previously reported small samples of patients with mood disorders and younger patients with schizophrenia, both studies eliminating the potential confound of mental illness by including both healthy controls and also psychiatric controls as comparison [107](#acps12458-bib-0107){ref-type="ref"}, [108](#acps12458-bib-0108){ref-type="ref"}. Recently, *T. gondii* infection has been linked, independent of mental illness, with intermediate phenotypes of suicidal behaviour such as trait aggression (in women) and impulsivity (in younger men) [113](#acps12458-bib-0113){ref-type="ref"}.

Discussion {#acps12458-sec-0021}
==========

In summary, there is a growing body of evidence that inflammation, as manifested by increased levels of pro‐inflammatory cytokines and inflammatory metabolites, is present in patients with suicidal behaviour and ideation. The inflammatory changes can be detected in the periphery, CSF and brain parenchyma of affected patients. Inflammation activates the kynurenine pathway, with a down‐stream production of metabolites with effects on glutamate neurotransmission, which could be an important biological mechanism responsible for symptom generation. The rapid antisuicidal effect of the NMDA receptor antagonist, ketamine, may be due to its effect on the same biological pathway. In addition, cytokines induce site‐specific effects on behaviour and emotion in different brain areas. Our knowledge in this field is just beginning to evolve. In order to find the optimal treatment regimen for suicidal symptoms, it is of critical importance to identify both the upstream triggers of inflammation, the downstream neurobiological effectors, as well as moderators that convey vulnerability or resilience. Importantly, there are several anti‐inflammatory treatments that are clinically approved for other indications. The effects of these common anti‐inflammatory agents could be tested in patients with suicidal behaviour and ideation in randomized controlled trials (RCTs), after it has been concluded which one of them have the optimal effects in reducing CNS inflammation. Future clinical trials should also, for example, evaluate the effects of antiparasitic treatment on *T. gondii* infection in patients with suicidal behaviour. Other novel therapeutic strategies could include inhibition of the first enzyme of the kynurenine pathway, IDO‐1, or target microglial activation by means of drugs such as minocycline. As knowledge increases about the role of specific cytokines for symptom generation, specific cytokine blockers, potentially with access to the CNS, could also be developed and tested. Finally, it makes sense to screen patients prior to clinical trials to identify subgroups of patients with increased inflammation, or vulnerability to inflammation, in order to minimize heterogeneity of treatment response [114](#acps12458-bib-0114){ref-type="ref"}. Identification of such subgroups of patients with an inflammatory profile is expected to increase the precision of anti‐inflammatory treatments in reducing suicide risk, at the same time preventing unnecessary exposure to anti‐inflammatory treatments in those unlikely to benefit.
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